The effects of alloying duration on the microstructural and corrosion properties of Tungsten (W) matrix composites were investigated in this study. As blended W-2VC-1C (wt.%) powders were mechanically alloyed using a high energy ball mill at different milling times (1, 3, 6, 12 and 24 h) under inert Argon. Characterization of the sintered composites carried out using a scanning electron microscope (SEM) and X-ray diffractometer (XRD). Corrosion tests were performed in aqueous 1 M H 2 SO 4 solutions to determine the effects of different alloying duration on the corrosion resistance of the composites.
SİNTERLENMİŞ W-VC-C KOMPOZİTLERİN MİKROYAPISAL
). W matrix composites reinforced with oxide, carbide and boride particles are quite attractive for different structural applications such as nuclear applications at high temperatures and at severe service conditions [1 and 4] . In this study, vanadium carbide (VC) was used as a dispersion strengthener. VC have excellent high temperature strength, high chemical and thermal stability at high temperatures, high hardness and high melting point [2 and 5] and it is largely used in WC-Co hard materials as grain growth inhibitors [2, 6 and 8] . In order to determine chemical properties of W-VC-C composites used to produce different alloying duration. For this purpose, W-VC-C composites were produced by mechanical alloying (MA) and conventional sintering. The effects of alloying duration on the corrosion behaviors of the sintered W-2VC-1C (wt.%) composites were investigated.
RESEARCH SIGNIFICANCE
Metal matrix composites (MMCs) are widely used in aerospace, defense, automotive industries and electronics/thermal management industries. Market demand will be over 350 USD million and 8.000 tons until 2019 according to market reports and industry experts. By the way, tungsten (W) matrix composites reinforced with carbide, boride or oxide particles are unique candidate quite attractive for different structural applications and for some nuclear applications at high temperatures and at severe service conditions. Fabrication and mechanical properties of the composites are well documented in literature. However, the corrosion behaviour and its microstructural response in the composites are immature and an emerging research topic [9 and 15] . Therefore, the effects of VC and TiC addition on the microstructural, mechanical and corrosion properties of W matrix composites were investigated in the presented study. Thus, the objective of the present study is to report the effects of VC and the effect of milling durations on the electrochemical and microstructural properties and sintering behaviors of W.
EXPERIMENTAL METHOD-PROCESS
W-2VC-1C (wt.%) composites were used in the experiments. The composites were produced by mechanical alloying (MA) method at different alloying times (1, 3, 6, 12 and 24 h). W (99.9% purity, 28 μm average particle size), as the matrix of the composite VC powders (99.9% purity, 8 μm average particle size) were used as starting materials. Graphite (C) powders (99.9% purity, 19 μm average particle size) were used as process control agent (PCA). The ball-to-powder weight ratio (BPR) was 10:1. WC balls having a diameter of 6.35 mm were used for milling in a tungsten carbide (WC) vial. The vials were sealed inside a Plaslabs™ glove box under Ar gas (99.995% purity) to avoid oxidation during MA process. W, VC and C powders were blended to constitute the compositions of W-2VC-1C which were mechanically alloyed (MA'd) in a Spex™ DuoMixer/Mill 8000D with a speed of 1425 rpm was used. The composition of the sintered samples and MA times are given in Table 1 . MA'd powders were cold-pressed at a pressure of 500 MPa in an APEX TM 3010/4 uni-direction hydraulic press. Pressed samples were sintered in a Linn . The PDS began at the cathodic over potential of -400 mV vs. E ocp and the scan was stopped when the specimens reached an indicated anodic potential (>2V). The diameter of the corrosion test specimens was about 1 cm and all data have been normalized according to the surface area. Figure 1 show the XRD patterns of the sintered W-2VC-1C (wt.%)and mechanically alloyed for 1, 3, 6, 12 and 24 h. Only W peaks are detected in all composites because of the very low weight percentage of carbide phases. W characteristic peaks almost same 2Ɵ degree at all MA duration. On the other hand, after 6 h MA duration and sintering, WV6, WV12 and WV24 composites have dense microstructures consisting of equiaxed grains ( Figures. 2c, d and e) . Whereas the grain sizes vary between 7 and 25 µm for the WV6 and WV24, those of the WV12 are much smaller (3-15 µm). While pore sizes are decrease up to 6 h MA duration for sintered composites, after 6 h MA duration, increasing with MA duration pore sizes increase. The potentiodynamic polarization curves of the composites were given in Figure 3 .
RESULTS AND DISCUSSIONS
The figure shows the effect of milling time on the corrosion resistance of the composites reinforced with VC particles in 1 M H 2 SO 4 acidic aqueous solution, as comparatively. According to the Figure 3 , the PDS curves of the composites have the some regime and showed significant passivation behavior in 1 M H 2 SO 4 solutions. Some fluctuations were observed in the passivity region of the composites, but any fluctuation was not seen for 24h mechanical alloyed composite. It is probably related to composite microstructure and grain sizes before the corrosion tests. According to Figure 2 c and e, 6 and 24 h MA'd composites have very similar microstructure but the grain size of the 24 h MA'd composite is more regular than 6 h MA'd composite. The corrosion potential (E corr ) and corrosion current density (I corr ) values of the composites calculated from the PDS curves are given in Table 2 . It is well known that current density is directly related to electrode potential and it can provide more realistic results related to the electrochemical behavior of the composites. For example, maximum I corr values measured the MA'd and sintered composite for WV24 as 47.8µA•cm -2 (Table 2) , which is higher than that of 6 h MA'd and sintered composite (31.6µA•cm -2 ). In other words, the corrosion resistance of the composite WV24 is lower than the others. Figure 4 presents Surface SEM images of the sintered composites exposed to 1 M H 2 SO 4 aqueous solution after corrosion tests. Sintering processing alters both the bulk structure and the surface of a material, leading to changes in grain size and boundary density, orientation, and residual stress. These surface changes can have an impact on electrochemical behavior of the composites. It is well known that as much as noble potential and as low as possible current density is desired for corrosion protection. In addition, it was found that the pit size and number is proportional with corrosion current densities and milling time of the composites ( Figure 4) . As comparing the SEM images before corrosion tests (Figure 2) , it is clear that corrosion behavior of the composites is influenced from milling time, porosities in the bulk structure and grain size.  Only W characteristic peaks are detected in all composites because of the very low weight percentage of carbide and carbon phases. The same XRD results were obtained at before and after corrosion tests.  Increasing with MA duration, porous structures are decrease for the sintered W-%2VC-%1C composites up to 6 h MA duration.  While 1 h and 3 h MA duration is insufficient in sintering for WV1 and WV3 composites, WV6, WV12 and WV24 composites have dense microstructures consisting of equated grains.  Sintering processing alters both the bulk structure and the surface of a material, leading to changes in grain size and boundary density, orientation, and residual stress. These surface changes can have an impact on electrochemical behavior of the composites.  The corrosion resistance of the composite WV24 is lower than the others. At the same time WV6 is higher than the others with regard to corrosion potential.  Corrosion behavior of the composites is influenced from milling time, porosities in the bulk structure and grain size.
